Aims C-reactive protein and fibrinogen have been extensively studied and shown to be predictive for a first cardiovascular event in healthy individuals. We evaluated the potential clinical use of C-reactive protein and fibrinogen in patients already suffering from coronary artery disease (CAD). Methods and results In a substudy of the prospective AtheroGene registry, we assessed in 1806 patients with documented CAD and stable angina pectoris, the risk of cardiovascular death and non-fatal myocardial infarction (n ¼ 183) over a median follow-up of 3.5 (maximum 7.7) years according to baseline levels of C-reactive protein and fibrinogen. C-reactive protein and fibrinogen were associated with future cardiovascular events, such as an increment in one standard deviation of C-reactive protein is associated with a 1.15-fold (95% CI 1.05-1.27, P ¼ 0.002) increase, an increment of one standard deviation of fibrinogen with a 1.27-fold (95% CI 1.12-1.43, P , 0.0005) increase in hazard risk in the models adjusted for age and sex. Adjustment for traditional risk factors and clinical confounders did not significantly attenuate this relationship. In a comparison of a basic model (traditional risk factors; AUC ¼ 0.68) with models additionally including either C-reactive protein (AUC ¼ 0.69) or fibrinogen (AUC ¼ 0.70), only little additional predictive information over that obtained from assessment of traditional risk factors was obtained. Conclusion In patients with documented CAD, C-reactive protein and fibrinogen were predictive for future cardiovascular risk, but did not provide further information on top of that obtained from models including traditional risk factors. Our data emphasize the clinical importance of traditional risk factors in patients with CAD.
Introduction
Atherosclerosis is considered to be an inflammatory disease. 1, 2 Inflammatory vessel wall processes are causally involved in the destabilization of the atherosclerotic plaque and the enhancement of thrombus formation. These processes are not restricted to one particular atherosclerotic region, but rather represent widespread vessel damage. 3 These findings have prompted the search for circulating biochemical markers reflecting inflammatory activity within the vascular wall. In addition to fibrinogen, which was one of the first inflammatory biomarkers related to future cardiovascular risk, 4 C-reactive protein has been extensively studied and shown to be predictive for a first cardiovascular event in apparently healthy men and women. 5, 6 Other studies have shown that elevated levels of C-reactive protein are associated with future cardiovascular events in patients with stable and unstable coronary artery disease (CAD). 7, 8 Its clinical usefulness, however, has recently been challenged and some authors suggest that clinical guidelines recommending C-reactive protein measurement as independent risk factor may need to be reviewed. [9] [10] [11] The 'stable angina substudy' of the prospective AtheroGene registry evaluates the predictive power of the inflammatory markers, C-reactive protein and fibrinogen, for a future cardiovascular event. We investigated the predictive value of these markers in patients with stable angina pectoris and determined their additive predictive value in comparison to a basic model including traditional risk factors.
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Methods

Study population
A detailed description of the design of the AtheroGene study has been outlined previously. 7 Between November 1996 and January 2004, 3173 patients who had undergone coronary angiography at the Department of Medicine II of the Johannes GutenbergUniversity Mainz or the Bundeswehrzentralkrankenhaus Koblenz were enrolled in the AtheroGene registry. 150 patients without any evidence of angiographically visible stenosis as well as 282 patients with a subacute myocardial infarction were excluded. From the remaining 2741 patients who had at least one stenosis 30% diagnosed in a major coronary artery, 1806 presented with stable angina pectoris and 935 with an acute coronary syndrome. In the latter group, 652 patients had unstable angina pectoris classified by Braunwald classification (Class B or C) and 283 had an acute myocardial infarction within the previous 48 h.
The 1806 remaining patients with stable angina pectoris were considered in these analyses. Of these 1806 patients, 1790 were followed up during a median period of 3.5 (maximum 7.7) years. Patients either presented themselves at our clinic (78.2%) or were interviewed over the phone by trained medical staff. Follow-up information including death from cardiovascular causes (n ¼ 131), death from causes not related to CAD (n ¼ 48), and non-fatal myocardial infarction (n ¼ 52) were obtained from hospital or general practitioners' charts.
Exclusion criteria were evidence of haemodynamically significant valvular disease, surgery or trauma within the previous month, known cardiomyopathy, known malignant diseases, febrile conditions, or use of oral anticoagulant therapy within the previous four weeks.
We considered that patients receiving medication for diabetes or whose current fasting blood glucose level was above 125 mg/dL suffer from diabetes mellitus. Patients receiving anti-hypertensive treatment or having already confirmed a diagnosis of hypertension (blood pressure above 160/90 mmHg) were considered to suffer from hypertension. Hyperlipoproteinaemia was diagnosed in patients under lipid-lowering medication or with a history of cholesterol levels 240 mg/dL. Patients were classified as currently smoking, as having smoked in the past (if they had stopped more than 4 weeks and less than 40 years earlier), or as having never smoked or having stopped 40 or more years earlier.
Study participants had German nationality and, particularly, were inhabitants of the Rhein-Main Area. The study was approved by the local Ethics Committee. Participation was voluntary and each subject gave written informed consent.
Laboratory methods
Blood samples were taken under standardized conditions before coronary angiography was performed. Samples were centrifuged at 4000g for 10 min, divided into aliquots, and stored at -808C until analysis. Creactive protein was determined by a highly sensitive, latex particle-enhanced immunoassay (Roche Diagnostics; range of detection 0.1-20 mg/L; interassay coefficient of variation, 1.0% for values of 15 mg/L and 6.5% for values below 4 mg/L). Fibrinogen was determined by the derived method. Serum lipid levels were measured immediately. Lipid levels were measured using routine methods [total cholesterol and triglycerides, Roche Diagnostics GmbH, Mannheim, Germany; highdensity lipoprotein cholesterol (HDL), Rolf Greiner Biochemica, Flacht, Germany; and low-density lipoprotein cholesterol (LDL) calculated according to the Friedewald formula 7, 12 ]. The LDL/HDL-ratio was computed by dividing LDL by HDL levels.
Statistical analysis
Due to skewed distribution (skewness . 1) of the inflammatory markers, C-reactive protein and fibrinogen, differences of the baseline characteristics were assessed by log-normalized variables and the Mann-Whitney U test. Differences in proportions were evaluated by the x 2 test.
The cumulative survival plot in relation to the variables divided according to their quartiles was estimated by the Kaplan-Meier method, survival in groups was compared with the log-rank test. In all survival analyses, the combined endpoint was death from cardiovascular causes and non-fatal myocardial infarction (n ¼ 183), and data from patients who died of other causes were censored at the time of death.
The association of the inflammatory markers with outcome was also evaluated in different models by Cox regression, one model adjusting for age and sex and another one adjusting for the classical risk factors [age, sex, body mass index (BMI), hypertension, diabetes mellitus, smoking status, HDL-cholesterol, number of diseased vessels, lipid-lowering therapy, beta-blocker therapy]. Further the hazard ratio (HR) per one standard deviation increment was calculated. For further illustration, HRs estimated for the fourths of Creactive protein and fibrinogen using the same models are presented. HR and 95% confidence interval (95% CI) are reported with two-tailed probability values. Proportional hazards assumption was checked using standard methods based on testing for significant slope of the smooth curve through the scatter of the rescaled Schoenfeld residuals vs. time.
To assess the predictive ability of the models, we considered the cardiovascular endpoint at 2 years as a binary variable, and logistic regression was performed. Associated receiver operating characteristic (ROC) curves for predicted probabilities were drawn for a basic model including classical risk factors and models additionally containing C-reactive protein and fibrinogen. The corresponding areas under the curve along with their 95% CIs were calculated. To obtain the best model fit in the regression analyses, C-reactive protein was log-transformed, age was entered as age 
Results
Baseline characteristics according to cardiovascular outcome Table 1 outlines the baseline characteristics of the overall study population. 183 study participants subsequently died from cardiovascular causes or had a non-fatal myocardial infarction, 1623 patients did not have a cardiovascular event.
As expected, patients who experienced a subsequent cardiovascular event were older, had a higher prevalence of traditional risk factors like hypertension, diabetes, smoking, elevated LDL and total cholesterol levels, as well as lower HDL cholesterol concentration. In addition, prevalence of patients taking lipid-lowering (890 patients under statin medication, 96 under fibrates, and two subjects taking both drugs) or beta-blocker medication was higher among those without cardiovascular event.
Baseline concentration of the inflammatory biomarkers, C-reactive protein (3.98 vs. 2.69 mg/L; P , 0.0005) and fibrinogen (3.44 vs. 3.12 g/L; P , 0.0005) was higher among those patients who experienced a cardiovascular event during follow-up compared with those who did not.
Prospective evaluation of C-reactive protein and fibrinogen on cardiovascular outcome C-reactive protein and fibrinogen showed a moderate to strong interdependence (r ¼ 0.521). Both inflammatory markers were associated with future cardiovascular events if considered in univariate analysis. Highest event rates were observed in the upper quartiles with a 1.66-fold (95% CI 1.08-2.53) increase for the combined endpoint for Creactive protein and a 1.92-fold (95% CI 1.22-3.03) risk for fibrinogen compared with the lowest quartile. After adjustment for potential confounders, C-reactive protein lost its independent predictive value, whereas fibrinogen still provided relevant risk information. In the fully adjusted model, the HRs across quartiles for C-reactive protein were 1, 1.09, 1.01, and 1.41 (P ¼ 0.25) and for fibrinogen 1, 0.99, 1.69, and 1.66 (P ¼ 0.02).
Subanalyses were carried out to evaluate the relationship between C-reactive protein and fibrinogen and future cardiovascular death as well as non-fatal myocardial infarction as separate endpoints. C-reactive protein and fibrinogen were associated with fatal events, but not significantly with nonfatal myocardial infarction. Detailed analyses are presented in Table 2 . 
C-reactive protein and fibrinogen compared with traditional risk factors
To place the predictive value of C-reactive protein and fibrinogen into the context of traditional risk factors, we evaluated all variables in univariate and multivariate models. To directly compare the predictive power, the HRs associated with continuous variables are presented per increment standard deviation. As expected, the traditional risk factors such as age (HR 1.00; 95% CI 1.00-1.00; P ¼ 0.003), current smoking (HR 1.50; 95% CI 1.02-2.20; P ¼ 0.04), insulindependent diabetes mellitus (HR 1.82; 95% CI 1.17-2.83; P ¼ 0.001), and 1/(HDL-cholesterol levels 2 ) (HR 1.12; 95% CI 1.01-1.25; P ¼ 0.04) were the strongest predictors of future cardiovascular events. C-reactive protein (HR 1.07; 95% CI 1.01-1.24; P ¼ 0.04) and fibrinogen (HR 1.16; 95% CI 0.99-1.35; P ¼ 0.06) remained moderately related to future cardiovascular events after adjustment for most potential confounders as outlined in Table 3 .
Incremental effects of C-reactive protein and fibrinogen in addition to traditional risk factors
To explore whether C-reactive protein or fibrinogen added to traditional risk factor screening, we computed the area under the ROC curve (AUC) associated with prediction of different logistic regression models additionally including fibrinogen, C-reactive protein, or both considering the cardiovascular endpoints at 2 years as a binary variable. As there were patients with a follow-up of less than 2 years, only 1393 patients were available for this analysis; 89 of them experienced a cardiovascular event and had measurements of fibrinogen and C-reactive protein. A basic model including traditional risk factors such as age, sex, BMI, hypertension, diabetes mellitus, smoking status, HDL-cholesterol, number of diseased vessels, lipid-lowering and beta-blocker therapy revealed an AUC of 0.68. Figure 2 presents analyses comparing this basic model with models additionally including either C-reactive protein or fibrinogen, or both. Inclusion of either C-reactive protein or fibrinogen only modestly improved the predictive value of the basic model such as the AUC increase from 0.68 (95% CI 0.62-0.74) for the basic model to 0.69 (95% CI 0.63-0.75) for basic model plus C-reactive protein respective to 0.70 (95% CI 0.64-0.76) for basic model plus fibrinogen. Results were similar during a 1-year and 3-year follow-up (data not shown).
Discussion
Our data indicate that traditional risk factors, which are simple and readily available, are the strongest risk predictors for future cardiovascular events. Although C-reactive protein and fibrinogen were individually related to future cardiovascular risk, they add little additional prognostic information to the traditional risk factors of CAD.
From a clinical perspective, recent data suggest the potential utility of C-reactive protein determination for risk stratification in healthy individuals. However, it is still a matter of ongoing controversy whether or not determination of C-reactive protein adds to the predictive value of traditional risk factors. [13] [14] [15] [16] Whereas initial data suggested that determination of C-reactive protein adds prognostic information at all levels of LDL-cholesterol and across the entire Framingham Risk Score, 6, 17, 18 several more recent studies (including an updated meta-analysis) provided evidence that C-reactive protein is only a moderately strong predictor of coronary heart disease and does not add substantial, independent predictive information on future cardiovascular risk.
9,11,19-21
The intensively discussed meta-analysis of Danesh et al. 9 showed that the adjustment for traditional risk factors is very inhomogeneous and that there are many possibilities of confounding. After adjustment, levels of C-reactive protein did not add significant information to the traditional risk factors. In addition, a recent meta-analysis adds evidence for a moderately strong association between plasma fibrinogen levels and the risk of CHD, even after adjustment. 22 In our study, which followed up patients with angiographically proven CAD, C-reactive protein and fibrinogen provided only little incremental predictive value in addition to the basic model. Although P-values were statistically significant a clinical relevance cannot be assumed from the slight increase in AUC analysis. The point of criticism that patients of the Reykjavik study had higher cholesterol and lower C-reactive protein levels than the current population does not hold true in our study of a contemporary western population.
14 Whereas the Reykjavik study, the Women's Health Study, the Physicians' Health Study, and many others 6, 9, 17, [23] [24] [25] were investigating a population in times when the use of lipid-lowering agents was uncommon, our study analysed a group of patients, 55% (988/1790) of whom were taking statin medication at the time of blood sampling. Thus, the observational AtheroGene study mirrors a contemporary CAD population. However, our data suggest that statin medication does not considerably influence the relationship between C-reactive protein and outcome since adjustment for statin medication and stratified subanalyses (data not shown) does not affect the predictive value of C-reactive protein and fibrinogen. In extension to this observation, a recent study reports a persistent significance of C-reactive protein levels in predicting recurrent coronary events even after statin therapy, regardless of the resulting level of LDL-cholesterol. 26 This would mean that it becomes difficult to derive therapeutic options with regard to an individual's C-reactive protein value.
In the more recent PRIME study, not only C-reactive protein but also fibrinogen lost its significance as predictor for myocardial infarction and coronary death, when it was adjusted for traditional risk factors, level of the correspondent inflammatory marker, and additionally for Interleukin-6. 20 This observation is confirmed and extended in a recent substudy of the Framingham Heart Study, demonstrating that elevated C-reactive protein levels do not provide further prognostic information beyond traditional risk factor assessment for the prediction of major coronary heart disease.
11 Similar were the findings from a populationbased prospective study of elderly people that revealed a much stronger predictive effect for Nt-proBNP and negligible additional information gained from C-reactive protein. 27 In our prospective population of secondary prevention, we can now contribute to this discussion and question the clinical importance of C-reactive protein measurement in the setting of CAD. Although C-reactive protein and fibrinogen are significantly related to future cardiovascular events in the present study, both variables did not provide a gain of information about future cardiovascular risk compared with a basic model including traditional cardiovascular risk factors. This is in accordance with recent data indicating that simple and, importantly, modifiable risk factors including the traditional risk factors and abnormal apolipoprotein concentrations account for about 90% of the risk of myocardial infarction. [28] [29] [30] Several limitations of our study should be considered. First, we only performed baseline measurements and therefore cannot clarify the variability of the inflammatory markers during the course of the study. However, this limitation is likely to affect both traditional risk factors as well as the new biomarkers. Thus, it is possible that after correction for regression/dilution or other biases introduced due to measurement errors, the traditional markers may predict an even greater proportion of events. Second, we did not measure apolipoproteins that have been recently shown to be very powerful predictors of myocardial infarction. 30, 31 Thus, the traditional risk factors including apolipoproteins may be the preferred predictors of future CAD risk. Third, measurement of all inflammatory markers was performed on samples that were initially kept frozen. However, this should not affect the validity of our results, since cases and controls were handled identically, being measured in one batch.
The number of variables in the fully adjusted model is relatively high compared with the number of events and therefore should be interpreted carefully.
In the analyses of 2-year survival, the number of patients available is smaller than in the proportional hazards regression as there are patients with a follow-up of less than 2 years. As in this analysis, the actual survival time is not considered, results might be biased and should be interpreted as tendencies. We performed the same analyses for 1-year and 3-year survivals and the results are almost the same.
In conclusion, our data indicate that traditional risk factors provide the most powerful predictive information for cardiovascular events in patients already suffering from CAD. Although markers of overall inflammatory burden like C-reactive protein and fibrinogen are related to the future risk of CAD patients, they add only little information above that obtained from traditional risk factors. At present, modifying the traditional risk factors will have the greatest documented benefit in patients with cardiovascular disease.
